Introduction. Surgery is sometimes performed on patients with peau d' orange (dermal oedema) of the breast. This may be done to achieve local control of cancer after neo-adjuvant chemotherapy or in resectable locally advanced disease. Conventional practice is not to place excision lines through areas of peau d' orange for fear of recurrence in such an area. The question can be asked whether this wisdom is still valid in modern practice. No formal cohort studies documenting the histopathology of the skin in areas of peau d' orange have been published, and available descriptions are scanty.
Introduction. Surgery is sometimes performed on patients with peau d' orange (dermal oedema) of the breast. This may be done to achieve local control of cancer after neo-adjuvant chemotherapy or in resectable locally advanced disease. Conventional practice is not to place excision lines through areas of peau d' orange for fear of recurrence in such an area. The question can be asked whether this wisdom is still valid in modern practice. No formal cohort studies documenting the histopathology of the skin in areas of peau d' orange have been published, and available descriptions are scanty.
Aim. To describe the histopathological features of peau d' orange. Method. Consecutive patients undergoing mastectomy for cancer in whom peau d' orange was present were selected over a period of 2 years. Blocks of skin were excised from areas of peau d' orange and examined histologically. The presence, nature and location of malignant cells were recorded and correlated with lymph node pathology. Prior administration of neo-adjuvant chemotherapy was noted.
General Surgery
Results. Twenty-six mastectomy specimens were examined. Tumour islands in lymphatics were identified in 10 of the 26 specimens. These tumour groups were found in lymph vessels of both the superficial and deep dermal plexuses. In 1 specimen the presence of malignant cells was equivocal. Metastatic tumour was present in axillary lymph nodes in 19 of 22 specimens. Fourteen patients had been treated with neo-adjuvant chemotherapy, and 5 of their specimens exhibited the presence of tumour cell groups in lymphovascular channels.
Conclusion. Tumour cells were present in the lymphatic vessels in areas of peau d' orange in 38% of the specimens studied. It would be expected that placing an excision line in such an area would result in an incomplete cancer operation in a high percentage of, but not all, cases. 
SAJS
Haagensen considered clinical criteria of operability in breast cancer. From a series of 1 544 patients he concluded that patients with extensive oedema of the skin over the breast were doomed. None was disease-free 5 years after radical surgery. 1 Haagensen also categorised limited oedema of the skin in breast cancer as a 'grave sign' . Five-year survival was reduced by half in patients with this sign.
Peau d'orange in breast cancer is thought to be due to occlusion of lymphatics by tumour emboli. The microscopic appearance of oedematous skin was described by Haagensen.
2 He found dermis thickened by oedema and occasional emboli of carcinoma cells in dilated deep dermal lymphatics. This appearance was seen in superficial dermal lymphatics in cases with severe pitting oedema.
In the era before Haagensen, surgeons advocated radical local excision of breast cancer including clear margins around all areas of peau d' orange. This theory of breast cancer as a localised disease of the breast to be treated by surgery was later replaced by one of breast cancer being a systemic disease early in its course. Currently breast cancer is treated by multiple modalities.³ This is especially the case in locally advanced disease, including all cases exhibiting dermal oedema (T4b and T4d).
Contemporary practice still precludes placing surgical resection lines through areas of peau d'orange. The question can be asked whether this wisdom is still valid in modern practice. This is especially apposite to the current practice of neo-adjuvant therapy and breast conservation surgery.
No formal cohort studies of the histopathology of the skin in areas of peau d' orange have been published. Available descriptions are scanty or are part of studies reporting other aspects of breast cancer.
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Aim
The aim of this study was to describe the histopathology of peau d'orange and to determine the presence and location of the lymphovascular invasion (LVI) in the skin of the breast in areas of oedema.
Material and methods
A prospective study of specimens submitted for histological examination from patients with proven breast cancer was undertaken over a period of 2 years. Mastectomy specimens that exhibited peau d'orange were selected. Peau d'orange was defined in this study as any clinically apparent area of oedema of the skin of the breast. The mastectomies had been performed primarily, or secondarily after neo-adjuvant chemotherapy, in cases of breast cancer in which the areas of peau d' orange could be safely encompassed by surgical excision. All the patients presented with locally advanced breast cancer (T4 lesions), and only 2 had inflammatory cancer (T4d).
The breast tissue and lymph nodes were routinely processed to formalin-fixed paraffin wax-embedded blocks and stained with haematoxylin and eosin. Several additional blocks, depending on the size of the affected area, from skin in the areas of peau d' orange were also processed. These were taken well away from any tumour and examined for the presence of tumour cells in the dermal lymphatics.
LVI was defined as the presence of groups of tumour cells in vascular channels lined by endothelial cells without supporting smooth muscle. Care was taken to exclude cases exhibiting shrinkage artefact, which could give a false impression of lymphovascular invasion. 6 Areas adjacent to the primary tumour were avoided to prevent the inclusion of tissue containing local direct infiltration of lymphatics and to preclude examining tissue in which local effects of the tumour could cause oedema. 6 LVI was correlated with lymph node metastases in each individual case. Prior treatment with neo-adjuvant chemotherapy was also noted.
Results
Twenty-six mastectomy specimens were examined. Axillary dissection had been performed in 22 patients and simple mastectomy in 4. Histological examination showed infiltrating ductal carcinoma in 24 of the 26 specimens and metaplastic carcinoma in 2.
Tumour groups were identified in sections of skin in areas of peau d' orange well away from the invasive tumour in 10 of the 26 mastectomy specimens (38%). These tumour groups were found in lymphatic spaces of both the subepithelial and subdermal plexuses in all specimens. In 1 specimen the presence of tumour cell groups in the lymphovascular spaces was equivocal. The location of the subepithelial or dermal lymphatic invasion varied from case to case. In some cases the location was predominantly in the subepithelial lymphatic channels (Fig. 1) , while in others the location was predominantly in the deeper subdermal lymphatic plexus (Fig. 2) . In all cases the tumour cells were present within the lymphovascular spaces as groups with no apparent attachment to the endothelial lining.
In most of the sections of the areas that did not exhibit LVI the lymphatic channels appeared dilated. In some of these cases limited oedema of the adjacent tissue was present. No malignant cells were present outside lymphatic channels in any of the sections examined.
Metastatic tumour was present in axillary lymph nodes in 19 of 22 specimens. Table 1 shows the relationship of LVI to the presence of lymph node metastases and prior administration of chemotherapy Eight of the 10 specimens in which LVI could be identified exhibited metastatic tumour in the lymph nodes examined from the axillary dissection. The remaining patients had not undergone axillary dissection.
LVI was absent in the skin sections of 15 of the 26 specimens examined. Eleven of these 15 cases had metastatic tumour in the axillary lymph nodes. Only 1 patient in this group had not undergone an axillary dissection.
Fourteen of the patients had received neo-adjuvant chemotherapy. LVI could be identified in the skin lymphatics in 5 of these patients.
In the 12 patients who did not receive neo-adjuvant chemotherapy, LVI in the skin was present in 5 patients, absent in 6 and equivocal in 1.
Discussion
Apart from cancer, there are many causes of oedema of the breast such as occlusion of the subclavian vein, mastitis, congestive cardiac failure, and axillary lymph node disease such as VOL 50, NO. 3, AUGUST 2012 SAJS 77 SAJS tuberculosis. 7 None of these were present in the cases in this study. All patients had proven breast cancer, and oedema of the skin was assumed to be due to malignant lymphatic invasion.
The aim of this study was simply to describe the histological appearance of the skin exhibiting peau d'orange in breast cancer. No special staining was performed and no features sought that have been described in breast tissue related to the behaviour of breast cancer or its response to therapy. These aspects have been reported in several studies. 5, [8] [9] [10] Handley described the lymphatic systems in the skin of the breast. 11 Dermal papillary and subpapillary channels constitute the subepithelial plexus. This plexus is valveless and is connected to the valved deep dermal plexus by vertical channels. These deep lymphatics drain unidirectionally to regional lymph nodes. 12 This dermal lymphatic system was the objective of this study.
Tumour cell groups were identified in lymphatics in 10 of 26 specimens. These occurred in lymphatic channels in both the subepidermal and the subdermal plexuses. These deposits had the appearance of emboli in that they occurred as clusters of cells. They also appeared not to be attached to endothelium. This appearance is similar to that described in literature as tumour embolisation. 6, 13 This might be the explanation for the absence of malignant cells in the lymphatics of some specimens, in that the random sections might have cut through lymphatics containing no emboli.
Metastatic tumour was present in the axillary lymph nodes in 11 of 15 breasts with no lymphovascular invasion. This could further support the embolic theory as described in the literature.
14 If tumour groups enter the lymphovascular drainage system as emboli, rather than growing as continuous strands in the lymphatic system, malignant cells may not be visible in all sections examined. It is furthermore striking that the vast majority of the patients with peau d'orange exhibited lymph node metastases: 8 of 10 with, and 11 of 15 without, demonstrable lymphovascular invasion in the skin.
Neo-adjuvant chemotherapy had been administered to 14 patients. Five of these patients' specimens exhibited LVI in the skin, compared with 5 patients in the group of 12 that had not received neo-adjuvant chemotherapy. This is a similar proportion, although it was not the aim of this study to investigate the response of LVI to chemotherapy. It has, however, been hypothesised that tumour in lymphatic vessels is relatively non-responsive to adjuvant therapy. 15, 16 Reports on tumour embolisation in breast cancer are problematic because tumour embolisation is not always defined. The definition is also not clear in the literature. 8, 9 The definition used here is that of a group of malignant cells within an endothelial-lined space lacking a supporting smooth-muscle layer. Rosen, in addition, prescribes the absence of red blood cells in such spaces. 6 An additional problem is inter-and intra-observer variation in identification of lymphatic tumour emboli. This is well-known phenomenon in breast as well as other cancers. 6, 17 In 35 specimens of breast cancer reported by Gilchrist et al., 18 complete agreement between pathologists regarding intra-mammary lymphatics was reached in only 12 cases. In 5 of the 35 cases there was complete disagreement and in 18 cases there was partial agreement. Other SAJS similar studies also investigated intra-mammary and not dermal lymphatics. 8, 9, 19 We are satisfied that this description of the appearance of lymphatics in skin exhibiting peau d' orange in this study accurately reflects the presence of LVI of the skin. It would be expected that the presence of malignant cells in lymphatic spaces in the skin well away from the primary tumour be more accurately diagnosed than in intra-mammary lymphatics in the breast parenchyma. All the sections were of skin only and were examined microscopically by a single pathologist. All the cases complied with the above definition of tumour embolisation, except for 1 in which this was uncertain.
Placement of excision lines across areas of peau d' orange would violate surgical oncological principles of 'not cutting through cancer' in a substantial proportion of cases. Current practice requires that radiotherapy to the chest wall be administered after surgery for locally advanced cancer of the breast, 20 but it would still seem to be prudent not to leave areas of peau d' orange behind by cutting through such affected skin.
Neo-adjuvant chemotherapy may possibly play a role in clearing lymphatics of malignant cells. There was no difference in the occurrence of lymphovascular infiltration between groups that had and had not received chemotherapy in this study. None of the several published systems for evaluating pathological complete response after chemotherapy includes investigation of skin lymphatics. 9 A formal study investigating this aspect needs to be conducted.
Conclusion
This was a descriptive study only. No statistical conclusions can be drawn. Nevertheless, in a significant number of mastectomy specimens, malignant cells were identified in lymphatics of the skin in areas of peau d'orange. It would therefore be expected that placing an incision line in such an area would result in an incomplete cancer operation and possible local recurrence in a high percentage of, but not all, cases (38%). We therefore recommend that the conventional practice of not placing incisions through areas of peau d' orange be maintained.
